Summary. -Minkler, Gofman and Tandy (1970a, b) have recently reported data on the karyotype constitutions of human tissue culture cell lines and human tumours, as gathered by a semi-automatic chromosome analysis system. The data appears to show a relationship between the relative number of " number 16" chromosomes and malignancy. We have tested the ability of the " cutting line" approach they used to correctly classify chromosomes from a sample of 723 cells from 100 normal subjects. The cutting line scheme gave very different results from those of an experienced cytogeneticist. The method also failed to give correct average numbers of chromosomes per class. We are thus led to question the conclusions reached by Minkler et al. It appears possible that their relatively consistent finding of an excess of " number 16 " chromosomes in their largely hyperploid material may be an artefact of their classification scheme, arising from measurement normalization problems, rather than a reflection of a real excess of " number 16 " or even of " number 16-like " chromosomes.
have reported that " a consistent chromosome abnormality exists in 17 human cell lines and in 11 fresh cancers". They state that in each of the tissue culture cell lines and in 10 of the 11 cancers they observed a " marked excess of E16 chromosomes per cell, either absolute or in relationship to other chromosome classes ". Minkler et al. feel that their observations offer strong support for the hypothesis of Boveri (1914) that an imbalance in cellular chromosome content might destine such cells to malignant behaviour and thus constitutes the origin of neoplasia. However, we feel that there are reasons for questioning this conclusion.
Boveri's hypothesis was based, of course, on the well known tendency of tumour cells to have very abnormal chromosomal constitutions. Boveri himself was never able to resolve the basic question of whether chromosomal abnormalities caused the cells to become neoplastic or whether, on the other hand, becoming neoplastic predisposed cells to mitotic irregularities, thus causing the observed chromosomal abnormalities. The question is still being argued. Koller (1960) in reviewing an extensive literature on the subject concluded: " Variation in chromosome numbers occurs in tumour cells, not because it matters more than in normal cells, but because it matters less ". Nevertheless, the nature of the problem is such that it is still possible to adhere to Boveri's idea, and it must be admitted that a demonstration of any chromosomal sine qua non for tumours in even a single species would certainly offer substantial support. Unfortunately, the observations reported by Minkler et al. may not constitute such a demonstration.
There are several reasons for our reser-vations regarding Minkler et al.'s conclusions. All of their chromosome classification was done by means of a semiautomatic karyotyping system [described in a series of University of California Radiation Laboratory reports cited by Minkler et al., 1970a b (Gofman, Minkler and Tandy, 1967; Stone, 1967; Stone and Littlepage, 1967; Stone, Littlepage and Clegg, 1969) ]. A computer programme was used to classify arm length measurements made by a modified FIDAC film scanner (Ledley, 1964) 
Material
The material used for these tests has been described in detail previously (Bender arid Kastenbaum, 1969) . In brief, chromosome arm measurements were made for a sample of 723 normal cells from a sample of 100 normal human subjects, using a simple measuring aid consisting, essentially, of a pair of automatic printing dividers (Bender, Davidson and Kastenbaum, 1966) . The cells were analysed independently by an experienced human cytogeneticist, and the measurements then assigned to the chromosome pairs on the basis of the cytogeneticist's identifications. It must be emphasized that the identifications were those of a single cytogeneticist, and that other cytogeneticists might have made other assignments, at least among pairs within groups. Nevertheless, there was remarkably good agreement between these assignments and those made independently by other cytogeneticists for a sub-sample of these cells. Furthermore, the two-dimensional vectors of arm length means together with the associated tolerance areas derived from these measurements have been used as the basis for a set of computer programmes for a semi-automatic chromosome analysis system that produces karyotypes acceptable to human cytogeneticists with remarkable success (Bender et al., 1971) , giving us added confidence that the assignments for the original sample were as good as current subjective " cut and paste " karyotyping can produce.
Methods
The (Minkler et al., 1970b, Fig. 1 Minkler et al. use to separate the number 16 chromosomes from the number 17 and 18 chromosomes, and iesults in a large proportion of our " number 16 " chromosomes being classified as number 17 or 18 chromosomes solely on the basis of centromere index. Thus even before any detailed analysis was attempted it was apparent that the cutting line scheme would more often than not misclassify our chromosomes " number 16" on the basis of centromere index alone.
A final problem was also obvious on inspection of our data in relation to the cutting lines assigned by Minkler et al. The centromere index is a dimensionless quantity and thus not affected by the scaling or normalization of chromosome arm lengths. Depending on the scaling factor chosen for normalization, however, the locations of the individual chromosome measurements move laterally in Minkler et al.'s cutting line diagram. They can in fact be made to lie within any of the assignment areas of the diagram consistent with their vertical (centromere index) position. Unfortunately, there is no simple scaling factor that will keep all of our own measurements within the lateral limits of the normal chromosome areas in the cutting line diagram. Our total chromosome lengths average considerably less than those of Minkler et at. Adjusting our mean total lengths (Bender and Kastenbaum, 1969, Neither of these factors is optimal for the " number 16 " chromosomes, however. As already noted, the + 1*0 value lowers the percentage of successful classifications slightly (04Ao) and the + 0 3 value decreases it still further to 21 % Muldal et al. (1971) .
Not only does all this lead one to expect that cell lines and tumours might contain a disproportionate number of morphologically number 16-like chromosomes, but it also makes unlikely the assumption that the chromosomes of such hyperploid cells have the same average lengths as the average length of the normal human chromosome set. To the extent the assumption is in error, the chromosome measurements will of course be shifted to the right or the left in the cutting line diagram. Though 16 " class is narrower than that for any other chromosome class, plus the asymmetrical locations of the mean values for the F group and number 1 chromosome lengths in their spaces (this latter factor is, of course, what keeps scaling errors in either direction from greatly increasing the frequency of " marker 4 " or " marker 5 " chromosomes).
Faced with the results of our tests of the performance of the cutting line chromosome analysis scheme with our set of normal chromosome measurements, and with the possibility ofa systematic artefact of the cutting line method that would be expected to most consistently increase the relative frequency of chromosomes classified as number 16 chromosomes in relation to other classes, we are forced to conclude that no common chromosomal pathway for the origin of human malignancy has yet been demonstrated.
